Virginia Commonwealth University

VCU Scholars Compass
Biology and Medicine Through Mathematics
Conference
May 31st, 6:30 PM - 7:00 PM

Flow in Insect Hearts
Mustafa Kemal Ozalp
University of North Carolina at Chapel Hill, mkoz@live.unc.edu

Laura Ann Miller
University of North Carolina at Chapel Hill, lam9@email.unc.edu

Follow this and additional works at: https://scholarscompass.vcu.edu/bamm
Part of the Life Sciences Commons, Medicine and Health Sciences Commons, and the Physical
Sciences and Mathematics Commons
https://scholarscompass.vcu.edu/bamm/2018/thursday/32

This Event is brought to you for free and open access by the Dept. of Mathematics and Applied Mathematics at VCU Scholars Compass. It has been
accepted for inclusion in Biology and Medicine Through Mathematics Conference by an authorized administrator of VCU Scholars Compass. For
more information, please contact libcompass@vcu.edu.

2018

A common solution for moving internal fluids in animals is peristaltic contraction of a tube. Insect
hearts are a typical example of such a structure. It is basically a long narrow tube that drives
hemolymph towards the anterior end of the organism. In this study, we use an elastic tube of
constant diameter to model the insect heart. The pumping mechanism is peristalsis whereby a
region of active contraction moves from the posterior and anterior ends of the body. Flow velocities
and pressures are numerically solved using the immersed boundary method in both two- and threedimensions employing parameters within the range of those observed for Zophobas morio adult.
The relationship between fluid flow and heart kinematics, such as the occlusion ratio, compression
wave speed, and heartbeat frequency is quantified. Our results show that sufficiently high occlusion
ratios create fluid velocities greater than the speed of the compression wave. Flow speed is
nonlinearly related to the frequency of the heartbeat at constant compression wave speeds. Pulsatile
flow and reversals in the flow direction are other flow characteristics observed in the numerical
simulations of Z. morio adult hearts.

